Various global health estimates, including cause-specifi c mortality rates, have acquired prominence in recent years. 1 Diff erent sources use varying approaches, and competition may be healthy, possibly leading to a grand convergence in understanding. 2 However, particularly in low-income and middle-income countries (LMICs), estimates frequently rely on minimal available data, which means that external validity is hard to demonstrate. Explicit connections between grass roots data and large-scale modelling are not always clear. 3 The INDEPTH Network is an umbrella organisation for a number of health and demographic surveillance centres in Africa and Asia. 4 At each location a geographically defi ned population is followed longitudinally and individual life events registered. This is an important source of information for countries that do not have functional civil registration and vital statistics systems. Deaths are followed up using verbal autopsy procedures (structured interviews with witnesses of the death, processed into cause-of-death information). INDEPTH has published a dataset covering over 100 000 individual deaths across Africa and Asia, but has diffi culties in establishing external validity beyond its defi ned populations.
The Global Burden of Disease (GBD) project has contributed substantially to global health in recent years by systematically generating estimates of cause-specifi c mortality over time and place. Nevertheless, GBD has not been able to demonstrate the external validity of these estimates, partly because its complex modelling approach has sought to include all available data sources as inputs, 5 leading to a scarcity of independent comparators. This lack of external validation is a particular problem in LMICs, where data are generally very sparse. Since GBD 2013 specifi cally excluded INDEPTH cause of death data as inputs, 6 an opportunity for independent co-validation arises.
Both the GBD and INDEPTH approaches follow very complex and diff erent pathways, starting from deaths in particular countries and ending with country estimates of cause-specifi c mortality; methods used here to compare these two sources are detailed in the appendix. The aim here is to present a systematic co-validation between the GBD and INDEPTH cause-specifi c mortality fi ndings for the 13 LMICs in both datasets, covering over a quarter of the world's population, during a 15-year period from 1998 to 2012.
Overall concordance correlation between the two data sources over 50 causes of death, two age groups, and three periods was 0·585 (p<0·0001). This increased to 0·770 (p<0·0001) when comparing just six aggregated major cause categories. Each of the 13 countries achieved highly signifi cant con-cordance correlation (p<0·0001), with concordance correlation coeffi cients over 50 causes ranging from 0·419 to 0·745. There was no appreciable diff erence in concordance correlation over 50 causes between the three 5-year periods (concordance correlation coeffi cients 0·598, 0·590, 0·575 respectively, all p<0·0001). Concordance correlation over 50 causes for the under-15 year age group was 0·572, and for 15-plus years 0·556 (p<0·0001 in both cases).
A summary of the concordance correlation results by six major cause categories and 50 cause categories, over 13 countries, is shown in the appendix (p 11). The fi gure gives a graphical representation of concordance correlation against the line of equivalence between the two data sources for the same six major cause categories, with each point representing one country, cause category, age group, and period.
The appendix (p 12) includes concordance correlation results by cause for the six major and all 50 separate cause of death categories. Concordance was signifi cantly cor related for all the major cause of death categories except neonatal causes. The neonatal The complex modelling approach used by GBD to generate causespecifi c mortality estimates for every major country is impressive, but is also subject to limitations. For countries with more or less complete and reliable civil registration, un foreseen consequences of the modelling process are likely to be relatively minor. However, particularly in Africa, many countries lack reliable causespecifi c mortality data, model ling processes are eff ectively starved of data, and outputs may be over-reliant on inherent assumptions. 8 Both the GBD and INDEPTH teams should be encouraged by the high degree of co-validity demonstrated here. Using either GBD or INDEPTH fi ndings would not lead to substantially diff erent public health conclusions or policies. As the world embarks on eff orts to both achieve and track the Sustainable Develop ment Goals newly set by the UN, methods of measuring and character ising population health remain as a crucial part of that agenda. This co-validation study is a small contribution to that process. Overall the GBD and INDEPTH sources were highly congruent. Although the approaches, methods, and detailed inputs used were completely diff erent, and independent, the high levels of concordance observed between them lend validity to both. This co-validation method cannot determine the absolute validity of either approach, however.
Figure: Concordance correlation between GBD and INDEPTH cause-specifi c mortality fi ndings in 13 low-income and middle-income countries, by six major cause of death categories
INDEPTH sites are not purposefully designed to represent the countries in which they are located, and the assumption that fi ndings from a localised site can be compared with estimates of national situations may be unjustifi ed. Unsurprisingly, countries with multiple sites had higher concordance correlations. Having several distributed sites goes some way towards a national sample registration system, and may be a useful model to consider further. Conversely, the appreciable concordance for a number of single-site countries suggests that INDEPTH sites may be more representative than sometimes assumed. The high degree of concordance achieved over a wide range of settings using a single cause of death model, InterVA-4, 7 not specifi cally trained for particular settings, is also noteworthy. Better cause of death attribution might result from a localised verbal autopsy model, but that would preclude direct comparison of fi ndings between diff erent settings. Using a universal model here demonstrates the viability of standardised automated verbal autopsy coding as the basis for understanding mortality profi les in unregistered populations.
